Two patients who have undergone heart transplantation 7 and 15 months previously were studied to determine basal heart rate, the effects of exercise, and acute changes in venous return and blood pressure as well as of vagal stimulation. In one case the effects of body temperature, isoprenaline (isoproterenol), beta blockade, and atropinization on heart rate were studied. Mean resting heart rates of 110 and 90, respectively, were observed in the two cases without any significant change with time since the surgical implantation. Sinus arrhythmia was not observed and heart rate was found to increase with exer'cise following isoprenaline infusion and following increase in-body temperature. A'decrease was observed after beta blockade, but no significant direct or baroreceptor reflex effects could be produced by changes in venous return, systemic blood pressure,, vagal stimulation, and atropinization. Both patients are thus effectively denervated, and there is no evidence of reinnervation to date.
CARDIAC TRANSPLANTATION results
in complete denervation depriving the heart of one of its major rate-regulating mechanisms. It is the purpose of this paper to report on the resting heart rate, changes that occur after various circulatory manipulations in the denervated state, and on the search for evidence of reinnervation in two patients who have survived cardiac transplantation for 15 and 7 months, respectively. Case 1 The first subject of this study was a 58-year-old white male who underwent cardiac transplantation on January 2, 1968, for intractable cardiac failure due to ischemic heart disease.' In addition he had generalized atherosclerosis with nonsymptomatic peripheral vascular disease. The donor heart was obtained from a 22-year-old Negro From 
Report of Cases and Methods

Beta blockade
Isoprotereno' Venous pressure male who had had a fatal subarachnoid hemorrhage (table 1) . Postoperatively the patient required digitalis and furosemide to assist his cardiac status. Maintenance immunosuppressive therapy consisted of prednisone and azathioprine. A course ofil:tilymphocytic globulin was administered 6 months after surgery, during an episode of acute rejection. His clinical course has fluctuated between being reasonably well and active to being virtually moribund. The latter state has been attributed to an episode of acute rejection complicated by Listerella monocytogenes septicemia and severe jaundice presumably related to azathioprine toxicity. Prior 1 ThM ptttenTt was g1Ve5n an initia4f course of antilymphocyte globulin and q presenetis being maintained on steroids and a"othiopriie but has not required digitalis or diuretic therap:y since his discharge from hospital. Hist'xercise4olerance is excellent; the heart size has rtmained ormal and unchanged throughout. Tberei has bee no reduction in electrocardiographi&t v>oltae, iandrthe,_ST-T wave changes of severee¢:lef -l-veiitricula= yper-, trop1yhyase isappeare. H -ilias7hai ho; funk >-epis6cdes of rejection or erios2 compcttnE of immunosuppressive therapy. *PeTrissionA to terform full hemodynamid evaluatibn has been refused, and we have been able to observe qnly the resting rate and the,-"effects f the Valslva maneuver, posture, exercise, amylinitrite inlflation, and vagal stimulation on 6ne occasioi 7 months after operation.
;
The mean monthly heart rate at rest for the first two patients is shown in figure 1. In the first patient the heartyrate has varied between, 5 5 and i1 beaits/m at rest, an fRi the' second patient between 75 blocking dose of atropine produced no change in heart rate (patient 1), while a full blocking dose of propranolol decreased the heart rate from the control level of 125 to 110/min. In the first patient an intravenous infusion of isoprenaline at the rate of 8 ug/min increased the heart rate from a control level of 110 to 130 beats/min. These results are recorded in table 2.
Discussion
In normal subjects resting heart rate is predominantly determined by vagal influences so that following atropinization, combined autonomic blockade or cardiac denervation resting heart rates are higher than normal. The heart rate following autonomic blockade has been termed the "intrinsic" heart rate3 and has been shown to be related to age, physical fitness, and possibly to the state of health of the myocardium. In the case of our first patient the heart rate under basal conditions is well over 100 beats/min. This tachycardia is probably not due to a high catecholamine drive or to catecholamine supersensitivity since a full blocking dose of propranolol under nonbasal conditions reduced the heart rate from 125 to 110 beats/min and even this degree of slowing may have been due to the nonspecific effect of the drug. A full blocking dose of atropine produced no change in heart rate at all; thus, although the effects of a combined autonomic blockade have not been studied, it seems reasonable to assume that resting heart rate is close to the intrinsic rate. The clinical picture and the hemodynamic findings of a high venous pressure and subnormal cardiac output are in keeping with myocardial failure, the result of repeated episodes of acute or chronic rejection. Unfortunately we have not been able to make full hemodynamic studies to exclude pericardial or other nonmyocardial causes of heart failure, nor is it certain to what extent the steroid immunosuppressive therapy contributes to the high venous pressure and peripheral edema. If our clinical impression of myocardial failure is correct, it is clear that resting heart rate or intrinsic heart rate has not been a good apyrexil illnes te tmea, ie nt tepratueieXX;gg ",unde_j g' , , > r F, ,,g,,; l't < An attempt has also been made to ascertain the effect of venous return on heart rate. The Valsalva maneuver produced no change, nor did the rapid change from horizontal to vertical positions although this latter maneuver caused right atrial pressure to fall and cardiac output to decrease by one third. The reverse positional change from the vertical to horizontal also produced no changes in heart rate. It is concluded that in this patient venous return, right atrial pressure, and the degree of right atrial stretch have had no effect on the rate of sinus node discharge. It would, however, be unwise to assume that this is an invariable finding after cardiac denervation. For some time our patient has presented the clinical picture of congestive heart failure, and under these conditions it is often extremely difficult to induce adequate stress; furthermore, cardiovascular adaptations to stress are often very abnormal. Although we appear to have produced an adequate stress with a change of posture, the lack of change in heart rate may be due to some as yet unexplained effect of heart failure or its therapy on the capacity of the sinus node to change its rate of discharge in response to a change in atrial wall tension. In our second case posture again had no effect on rate, but we were unable to monitor the effects of posture on venous return. It thus seems likely that during exercise both catecholamine release and temperature increase may contribute to the increased heart rate. We do not, however, have any evidence that venous return is a factor.
In animal experiments evidence of reinnervation has been found between 3 and 12 months after surgery in both homotransplanted and allotransplanted hearts.'3-16 The relturn of sinus arrhythmia has been noted as an early sign. Neither of our patients has shown any evidence of sinus arrhythmia under resting conditions; carotid sinus and eyeball pressure have had no affect on heart rate. In our first case, 15 months after surgery no change in the heart rate followed a full blocking dose of atropine, nor has any change in rate followed significant elevation of blood pressure with phenylephrine, nor a fall in blood pressure followed after amyl nitrite inhalation. Here again, these results must be interpreted with caution because of the presence of congestive heart failure. We have observed several patients in congestive heart failure due to cardiomyopathy, in whom no slowing of the rate followed significant elevation of systemic pressure; they have, however, always responded to an acute amyl nitrite-induced fall in blood pressure with an appropriate tachycardia. The evidence, therefore, suggests that reinnervation has not occurred in case 1. In case 2 the information is scanty and we have not studied the effects of phenylephrine. Following amyl nitrite inhalation, however, blood pressure fell from 150 to 100 systolic while heart rate increased from 81 to 90 beats/min. This slight increase in heart rate with an adequate drop in blood pressure is less than we had ever observed in either normal patients or in patients with congestive heart failure. Furthermore, the maximum increase in rate occurred some 50 seconds after the peak hypotensive response and remained at this increased level for several minutes after the blood pressure had returned to control levels. We have concluded that the slight increase in rate was not mediated by the baroreceptor reflex but was probably due to circulatory catecholamines released by the acute hypotensive effects of the drug.
